NtrC protein of piezophilic Shewanella violacea was overexpressed and puriˆed, to conˆrm the protein-DNA interaction. An electrophoretic mobility shift assay demonstrated that the NtrC recognizes the sequence for NtrC binding within the region upstream of the glnA operon. Western blot analysis also showed that the NtrC is expressed at a higher level under high-pressure conditions than under atmospheric pressure conditions.
NtrC protein of piezophilic Shewanella violacea was overexpressed and puriˆed, to conˆrm the protein-DNA interaction. An electrophoretic mobility shift assay demonstrated that the NtrC recognizes the sequence for NtrC binding within the region upstream of the glnA operon. Western blot analysis also showed that the NtrC is expressed at a higher level under high-pressure conditions than under atmospheric pressure conditions. Key words: Shewanella violacea; NtrC; high pressure; electrophoretic mobility shift assay; Western blot analysis Deep-sea bacteria have unique systems for gene and protein expression controlled by hydrostatic pressure. 1) Among such organisms, Shewanella violacea, a moderately piezophilic and psychrophilic deep-sea bacterium isolated from the Ryukyu trench (depth: 5110 m), grows optimally at 30 MPa and 89 C, but also at 0.1 MPa (atmospheric pressure) and 89 C. 2, 3) It is, therefore, a useful model bacterium for comparison of various features of bacterial physiology under high and low pressure conditions. We are interested in examining the molecular basis of gene regulation in piezophilic bacteria at high pressure. In this bacterium, various genes have been shown to be regulated in response to changes in hydrostatic pressure, such as the glnA and rpoA genes. 4, 5) Our approach to understanding the basis of gene expression under deˆned conditions is through detailed characterization of the components of the transcriptional machinery and the accessory factors involved.
In our previous studies, it was shown that this regulation is mediated by one of the s factors, s 54 , and a two-component regulatory system composed of the bacterial signal-transducing protein NtrB and the bacterial enhancer-binding protein NtrC. 4, 6, 7) In this study, we examined binding of NtrC to an element upstream of the glnA operon using an electrophoretic mobility shift assay (EMSA) and NtrC expression was investigated by Western blot analysis. A possible model of the molecular mechanism for the glnA operon in this bacterium is presented.
In order to characterize one of the two-components regulatory system, we constructed a recombinant-expression plasmid harboring the S. violacea ntrC (pQNtrC) gene. 7) Overexpression of the hexahistidine-tagged derivative (SvNtrC) was done using the expression plasmid in E. coli. 6) In the cells by the IPTG-induced culture, the fusion protein was found in the insoluble fraction as an inclusion body and the amount produced represented approximately 10 to 20z of the total cellular protein (lane 3 of Fig. 1 ). After the insoluble protein was solubilized with 6 M urea, the recombinant protein was puriˆed using a Ni 2＋ -NTA column. As shown in lane 4 of Fig. 1 , the protein was puriˆed to homogeneity by a simple chromatographic step, and the molecular mass of the SvNtrC proteins as estimated by SDS-PAGE was 55 kDa.
We have previously identiˆed several potential regulatory elements, including consensus sequences for s 70 , s 54 , and a NtrC binding element upstream of the glnA operon ( Fig. 2A) , and we have reported the protein from S. violacea which speciˆcally recognizes a DNA element containing the consensus sequence for s 54 binding. 4) In this study, toˆnd whether puried SvNtrC binds to a DNA element containing a consensus sequence known to be recognized by NtrC (from position -221 to ＋60), an EMSA was done. As shown in lane 2 of Fig. 2B , a DNA-protein complex was formed when the 32 P-labeled DNA probe containing the consensus sequence for NtrC binding upstream of the glnA operon (from position -221 to ＋60) was incubated with the puriˆed SvNtrC protein. The complex was eliminated in the presence of an excess (×30) of non-radioactive target DNA (self competitor), as shown in lane 3 of Fig. 2B . Thesê ndings show that the puriˆed SvNtrC protein speciˆcally recognizes the element containing the consensus sequence for NtrC binding upstream of the S. violacea glnA operon.
In transcription involving a s 54 -dependent promoter, such as that in the case of the glnA operon, initiation of transcription at the promoter site is dependent on the s 54 factor associated with the RNA polymerase holoenzyme, helped by the activity of NtrC which is controlled by NtrB. 7, 8) In previous studies, we suggested that these trans-acting factors (s 54 , NtrC, or NtrB) may play an important role in pressure-regulated transcription at s 54 -dependent promoter sites in this piezophilic bacterium. 4, 6, 9) We have demonstrated that s 54 in S. violacea is expressed at a relatively constant level under both atmospheric and high pressure conditions as measured by both primer extension and Western blotting analyses, suggesting the possibility that the level of functional s 54 molecules is regulated by the availability of NtrC. 6) In this regard, we examined the expression of the NtrC protein in S. violacea by Western blot analysis. After the cells were cultured at a pressure of 0.1 MPa or 50 MPa, cell lysates were prepared from equal amounts of cultures, and fractionated by SDS-PAGE. The gel was then incubated with antiserum against SvNtrC. As shown in Fig. 3 , the amount of this factor produced under high-pressure conditions (lane 2; 50 MPa) was found to be greater than the amount produced under atmospheric pressure conditions (lane 1; 0.1 MPa). Based on theˆndings presented here together with the results of previous work, 4, 6) the intracellular level of RNA polymerase holoenzyme containing s 54 is constant under both atmospheric and high-pressure conditions. 6) However, the transcriptional activity at this s 54 -dependent promoter is proportional 4) to the amount of SvNtrC available (this study). Our observations strongly suggest that SvNtrC is involved in regulation of gene expression under high-pressure conditions. The consideration for the molecular mechanisms in gene expression invites further empirical analyses. Future studies will focus on deˆning both the biochemical characteristics of S. violacea NtrB and the nature of the phosphorylation relay between NtrB and NtrC factors involving gene expression by the s 54 dependent promoters under several pressure conditions.
